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Abstract. Non-enzymatic water-soluble antioxidants from different teas (black, green, 
peppermint), coffee, natural extract of rosemary and fruit juices (apple, grape, grapefruit, kiwifruit) 
were quantized by measuring their chemiluminescence in order to establish their power to protect the 
living beings from the free radicals. Among the samples high values of antioxidative capacity presents 
green tea (655 mmol AU) (AU=ascorbic units) and kiwi fruit juice (31 mmol AU). The maximum 
measuring times are less than 3 minutes. The sensivity of the photo-induced chemiluminescence 
(PCL) method was very high: nanomolar concentrations of non-enzymatic watwer-soluble 
antioxidative substances, as ascorbic acid units, have been determinated with a reproductibility of 
CV<2%. 
 





Teas and fruit juices are widely consumed beverage worlwide and are rich in 
polyphenolic compounds known as antioxidants. Tea flavonoids (such as catechins, 
theaflavins, thearubigins) working as strong antioxidants may protect the body damage caused 
by the free radical-induced oxidative stress.  The high antioxidant potential of tea depends on 
total phenolic contents and many factors involved in tea preparation (vitro experiments 
suggests that maximum antioxidant capacity is associated with the drinking of tea prepared at 
900C) (Langley-Evans, 2000).  
Fruit juices are samples of complicated composition, having considerable amounts of 
water-soluble antioxidants (Kaack and Austed, 1998; Serafini et al., 2000).  
Therefore, the consumption of tea and juices has been associated with reduced risk of 
major diseases as coronary heart diseases, cancer and stroke (Ramarathnam et al., 2000). 
Free radicals are molecules or ions having a short life, with a spin-unpaired electron in 
the atomic electron shell. They have an aggressive reaction of the radicals to other molecules, 
which an electron is being snatched away by the radicals. Thus, these molecules themselves 
are becoming new radicals. A chain reaction is initiated involving many molecules until the 
termination of the reaction. 
Free radicals develop endogenously, in the organism itself, as a consequence of 
normal processes (i.e. in the respiration chain or in the destruction of pathogens). On the other 
hand, exogenous radicals, those developing outside the organism, are of ever growing 
importance as environmental factor for human, plants and animal beings. Increasing 
industrialisation leads to a rising quantity of compounds (nitrogen oxides, ozone, products and 
waste products of chemical and pharmaceutical chemistry) and radiation (natural and artificial 
UV radiation, gamma radiation) which cause radical reactions (Serafini et al., 1996).  
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The free radicals modify proteins in living cells, damage the genotype and attack the 
unsaturated fatty acids in the lipid membranes.  
The healthy living organisms are able to utilise the endogenous, highly reactive 
substances in metabolism without destroying themselves. Living beings have developed a 
number of antiradically acting substances and protective mechanisms that form an 
antioxidative system, enzymatic and non-enzymatic mechanisms. The antioxidants have 
different mechanisms and level of action, mentioned on Fig. 1, by different arows.  
The non-enzymatic antioxidants (i.e. ascorbic acid, alfa-tocoferol, uric acid, bilirubin, 
flavonoids, carotenoids, steroids, ubiquinones) are important, even at low concentration, for 
the detoxifying protection aginst damage through radicals, by interrupting the chain reactions. 
In the radical chain reaction, the antioxidants act as radical traps and reduce the number of 
initialisations or interrupt the chain reactions. The state occuring as a consequence of one-
sided change of the balance described above is also described as antioxidative stress 
(Robinson et al., 1997). Its effects can be reduced by intake of antioxidants with food, drinks 




                                                               
Fig. 1. General pathway on antioxidants action place 
 
In order to analyse the exact quantitation and characterisation of the oxidant status in 
the organism, there were developed multitude of methods that can mesure the entire 
antioxidative potency of complex substances mixtures such as foodstuffs (Buhring et al., 
1994; Halliwell and Gutteidge, 1990; Popov and Lewin, 2000) existing with the most diverse 
physical, physico-chemical, chemical and biochemical generator systems and detection 
principles. The analytical sample for the mesurement of the integral antioxidative capacity 
basically consists of a generator of free radicals and their detector, which allows the 
quantitation of the generated free radicals and indicates the variation of the measured signal in 
the presence of antioxidants.  
The free radicals can be also detected by photo-induced chemiluminescence (PCL) 
using chemiluminogenous substances. The antioxidants present in the teas and fruit juices 
samples eliminate part of the radicals in the measurement solution and thus reduce the 
intensity of fluorescence (Langley-Evans, 2000; Licht et al., 1997).  
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The present study has been designed to measure the water-soluble antioxidant activity 
of different types of teas and fruit juices by PCL method compared with conventional 
technique as spectrophotometry. 
 




All chemicals used were of analytical reagent grade, purchased from Analytik Jena 
(Germany), respective integral antioxidative capacity of water-soluble substances (kit ACW) 




Aqueous solution of ascorbic acid (kit Analytik Jena) was prepared daily by 
dissoloving the required amount of the sample in doubly distlled water. Standard solution was 




Commercially available types of black, green and peppermint teas (leaf and bagged) 
were purchased from retail outlets. All tea extracts used in experiments were prepared by 
pouring 200 ml deionised water at 900C into a glass with tea bags (2 g leaves) or 2 g dry tea 
leaves and brewed according to the instructions on the package for 2-3 min. The volume of 
200 ml was selected to represent the typical quantity consumed by tea drinkers. An aliquot of 




Four fresh fruit juices, from apple, grape, grapefruit and kiwifruit were used. The 10 
ml from each juices were clarified using a mass centrifuge (5 minutes at 6000 rev/min) and 




The antioxidative capacity of water-soluble antioxidats in choosen samples was 
monitoring bioluminometrically by measuring an increase in chemiluminescence using a 
photo chemiluminometer purchased from Analytic Jena (Germany). Centrifuging of the 
extract products was performed using a mass centrifuge (Romania) 6000 revolutions per min. 
 
Determination of total antioxidant capacity by photoinduced chemiluminescence(PCL) 
 
The antioxidant capacity of fresh teas extracts and fresh fruit juices was determined, 
after cooling to 200C, carried out in duplicate, by measuring the residual free radicals in a 
photo-induced chemiluminescence method. The test solution containig the photosensitiser 
Luminol and the samples were irradiated by UV radiation and the the free radicals generated 
in a reaction chamber. During the measurement the irradiated solution was conveyed to a 
measuring cell, where chemiluminescence has been measured. The change of the signal in the 
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presence of water-soluble antioxidants allows reliable quntitation. The results are presented in 
equivalent concentration units of the ascorbic acid. The measures antioxidative capacity was 
quantified to compare with a standard used for calibration (ascorbic acid for water-soluble 
antioxidants). 
RESULTS AND DISCUSSION 
 
 In three teas types: black, green, peppermint, on a coffe sample and on a rosemary 
extract sample there were measured antioxidative capacities. Blank values are measured after 
approx. 30 seconds. The maximum measuring times are less than 3 minutes.  
The experimental values (Fig. 2) show a major fluorescence for green tea, respectively 
a high level of water-soluble antioxidative capacity (655 ascorbic acid units), comparable with 










































Fig. 2. Antioxidative capacity due to water-soluble substances in some teas and coffee 
 
In the green tea samples containing lemon the obtained values by PCL are bigger (710 
ascorbic acid units) than in simple green tea (Fig. 3), concordantly with the same samples 
mesured by clasic analytical method (Langley-Evans, 2000). Lemon containg ascorbic acid 
(about 50 mg/100 g lemon) protects some flavonoids (i.e. antocyanins) against oxidative 
degradation during processing and storage of tea and juices. There was added incresing 
amount of ascorbic acid in green tea extracts (tea in bags) and the results have showed a linear 
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Fig.3. Antioxidante capacity of green tea depend on ascorbic acid concentrtion 
Coffee samples has showed a relative antioxidante capacity.  
The experimental results denote that up to 40 mg ascorbic acid/100 ml extract there 
are no changes in antioxidante capacity of green tea, remaning in plateau of 45 % higher more 
than the green tea without ascorbic acid.  
In the black tea sample with milk, antioxidative capacity decrease about 40%, 
conformity the theoretical flavonoid binding capacity of milk proteins (Robinson, 1997). 
By the same photo-induced chemiluminescence, the antioxidative capacity of some 
clear fruit juices (kiwi, grape, apple and grapefruit) was measured (Fig. 4). The higher value 
for ascorbic acid units, as expression of antioxidant activity, has found in kiwifruit juice (31 
ascorbic units) and secondly in grapefruit juice (14 ascorbic units).  Small values show grape 









































Fig. 4.  Water-soluble antioxidative capacity in different fruit juices 
 
It should mentioned that the photo-induced chemiluminescence method has a very 
high sensivity: nanomolar concentrations of non-enzymatic watwer-soluble antioxidative 
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substances can be determinated with a reproductibility of CV<2%. Compared with 




Some non-enzymatic water-soluble antioxidants from green, black teas, coffee, natural 
extract of rosemary and kiwi, grape, grapefruit apple juices, protecting aginst damage through 
radicals, were quantized by measuring their chemiluminescence in order to establish their 
power to protect the living beings from the free radicals. Among the samples high values of 
antioxidative capacity presents green tea and kiwi fruit juice. A high sensivity of the PCL 




1. Buhring, M., I. Popov, G. Lewin and R. Stange (1994). Phys. Chem. Biol. & Med. 96-
100. 
2. Halliwell, B. and J.M.C. Gutteidge (1990). Arch. Biochem. Biophys. 280:1-8. 
3. Kaack, K. and T. Austed (1998). Interaction of vitamin c and flavonoids in Sambucus 
nigra L. (edelberry) during juice processing. Plant Foods for Human Nutrition. 52:187-198. 
4. Langley-Evans, S.C. (2000). Antioxidant potential of green and black tea determinated 
using the ferric reducing power (FRAP) assay. International Journal of Food Sciences and Nutrition. 
51:181-188. 
5. Licht, U., V. Bohm and R. Bitsch (1997). The effect of brewing time on total phenolics 
and antioxidant activity in green and black tea. In proceedings of European COST concerted action 
scientific workshop: Polyphenols in food. Aberdeen Scotland, 211-214. 
6. Popov. I. and G. Lewin (1999). Methods in Enzymology, 300:437-456.  
7. Ramarathnam, N., T. Osawa, H. Ochi and S. Kawakishi (1995). The contribution of plant 
food antioxidants to human health. Trends in Foos Science and Technologies. 6:75-82. 
8. Robinson, E.E., S.R.J. Maxwell and G.H.G. Thoerpe (1997). An investigationof the 
antioxidant activity of black tea using enhanced luminescence. Free Radical Research. 26:291-302. 
9. Serafini, M., A. Ghiselli and Ferrori-Luzzi (1996). In vivo antioxidanteffect of green and 
black tea in man. European Journal of Clinical Nutrition. 50:28-32. 
10. Serafini, M., J.A. Laranjinha, L.M. Almeida and G. Maiani (2000). Inhibition of human 
LDH lipid peroxidation by phenol-rich beverages and their impact on plasma total antioxidant 
capacity in humans. Journal of Nutritional Biochemistry, 11:585-590. 
 
 
 
 
 
 
 
 
 
 
 
 
 
